Increase in activity ranged from 2-to 6-fold in preparations which were frozen and thawed once and 5.4-to 10-fold when the freezing and thawing was repeated. Rabbit liver has very low activity, and monkey liver and intestine were completely devoid of this conjugating capacity.
The sulphate conjugation of tyramine has been reported (Wong, 1976b) . As an extension of this work, the glucuronidation of this amine was studied, as some species of animals, e.g. rat, seem to excrete it and other phenolic amines as glucuronide conjugates (Tacker et al., 1970 (Tacker et al., , 1972a Axelrod et al., 1958) .
Experimental

Materials
The following radioactive compounds were purchased from The Radiochemical Centre, Amersham, Bucks., U.K.: [2-14C]tyramine hydrochloride (55 mCi/mmol, radiochemical purity 98 %), [side chain-1,2-3H]tyramine hydrochloride (1.1 Ci/mmol, radiochemical purity 98 %) and UDP-D-[U-14C]-glucuronic acid (ammonium salt; 290mCi/mmol; radiochemical purity 98-99 %). The other chemicals were purchased from Sigma Chemical Co., St. Louis, MO, U.S.A.: trans-2-phenylcyclopropylamine, UDPglucuronic acid (triammonium salt, 98 % pure), DLdithiothreitol, tyramine hydrochloride and ,B-glucuronidase [from bovine liver, type 1-B, containing 989000 Fishman units (Talalay et al., 1946) /g].
Methods
Preparation of enzyme. All animals used, except the rabbit, were male. The rats were of the Albino Wistar strain, the monkeys were of the Macaca sascicularis species and the other animals were of local hybrids. Their body wts. were: rat, 150-200g; mouse, 25-30g; guinea pig, 200-300g; rabbit, 1-1.2kg; monkey, 1-1.5kg.
For the preparation of the microsomal glucuronylVol. 164 transferase, the procedure described by Wong & Sourkes (1967) and later modified by the introduction of a dialysis step (Wong, 1971) (15, uCi) respectively were used in the incubation.
The procedure used previously (Wong, 1976b) The Km values for tyramine, determined by Lineweaver-Burk (1934) plots, were respectively 69 and 125piM for the glucuronyltransferases of guinea-pig and rat livers, and those for UDP-glucuronic acid were 260 and 290,uM. As the concentration oftyramine (45.5/UM) used in the preliminary qualitative experiments were lower than the Km for tyramine, the assays of enzyme activity were made with an additional 455,UM of unlabelled tyramine. In this way, it was assured that the concentration of aglycone was not limiting.
Specific activity of microsomal glucuronyltransferase extractedfrom different animals
As shown in Table 1 , the microsomal preparation of guinea-pig liver exhibited the highest specific activity, and with this enzyme preparation the formation of tyramine glucuronide increased progressively with tinme of incubation and enzyme concentration.
In decreasing order, the mouse, rat and rabbit showed intermediate degrees of glucuronidation, whereas the monkey liver and intestine completely lacked this conjugating ability. Data on the sulphation of this amine (reproduced from Wong, 1976b) are included for comparison.
Effects of freezing and thawing on microsomal glucuronyltransferase activity
Freezing at -80°C and thawing of the microsomal fractions prepared from guinea-pig, mouse, rat and rabbit livers produced activation of the glucuronyltransferase activity, ranging from 2-to 6-fold in preparations subjected to this treatment once and 5.4-to 10-fold when this treatment of freezing and thawing was repeated.
Discussion
The oxidative deamination of tyramine to phydroxyphenylacetate by the high-speed supernatant of liver (Wong, 1976b) was also observed with the microsomal preparation; the latter is known to contain monoamine oxidase activity (Creasey, 1956; Jarrott & Iversen, 1968) . The effective inhibition of oxidative deamination of tyramine shown previously by trans-2-phenylcyclopropylamine (Wong, 1976b) was also observed in this study.
Analysis of the rates of glucuronidation and sulphation of tyramine in vitro by various animals (see Table 1 ) showed that there was a reciprocal relationship between these two modes of conjugation. Of the animals examined, only the rat has measurable activities of both glucuronyltransferase and sulphotransferase. This has also been observed in the conju-1977
Tyramine sulphate 6 66 60* 495t 21 145 gation of4-hydroxy-3-methoxyphenylethanol (Wong, 1976a) . The other animals conjugate tyramine with either sulphate or glucuronide, e.g. in the monkey the sulphate conjugate is produced (Wong, 1976b) but not the glucuronide (the present paper). A similar trend may exist in man, where only the sulphate conjugate has been reported (Mullen & Smith, 1971; Tacker et al., 1972b; Wong, 1976b) . The fact that the normal daily excretion ofp-hydroxyphenylacetate in man is only one-third that of the rat (Horning et al., 1966) suggested that oxidative deamination of tyramine is of less significance in man. Perhaps this is compensated by the sulphate-conjugating pathway, since as much as 15 % of tyramine administered was excreted as tyramine sulphate by man (Mullen & Smith, 1971) . Sulphate esters of other phenolic amines are also excreted by man (Goodall, 1959; LaBrosse & Mann, 1960) . On the other hand, the tyramine glucuronide-conjugating system is most efficient in the guinea pig, followed by the mouse, rat and monkey. This same pattern was found with harmol as substrate (Wong, 1969) . In those animals where both the sulphate-and glucuronide-conjugating activities are low, e.g. rabbit, oxidative deamination could be the major catabolic route of this amine (Ewins & Laidlaw, 1910; Bray et al., 1950; Lemberger et al., 1966) . Even for the rat and mouse, which exhibited higher sulphate and glucuronide formation in vitro, oxidative deamination seemed to be the predominant pathway (Schayer, 1953; Nakijima & Sano, 1964; Horning et al., 1966) .
The rate of sulphation measured in the high-speed supernatant fraction of rat liver was only higher than that ofglucuronidation measured in fresh microsomal preparations when the concentration of tyramine was not limiting (see Table 1 ). Each of the animal tissues examined appeared to possess higher inherent glucuronyltransferase activity than that measured in their fresh preparations; simple freezing and thawing could increase this activity. This phenomenon of the latency of the transferase is well established. After the administration of tyramine, the glucuronide but not the sulphate conjugate was excreted by the rat (Tacker et al., 1970 (Tacker et al., , 1972a . These data suggest that in vivo, rat liver glucuronyltransferase may be operating at a higher level, approaching perhaps those activities in the once-or twice-frozen preparations. This state of glucuronyltransferase predominance over sulphotransferase in vivo in the rat is augmented probably by the existence of preformed UDP-glucuronic acid in its hepatic tissue (Wong & Sourkes, 1967; Zhivkov, 1970) . In contrast, adenosine 3'-phosphate 5'-sulphatophosphate, the corresponding conjugating agent in the sulphation reaction, does not exist as such intracellularly and is presumably synthesized only when required.
